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STATIC HIGH PRESSURE STUDY OF NITRIC OXIDE CHEMISTRY:

PROPOSED MECHANISM QCR NITRIC OXIDE DETONAT~ON

Sash I. Swanson, Stephan F. Aqnaw and N. Roy 5relrler
Los Alamos National Laboratory

L09 Alamos, New MONIZO

Tho chemistry of nitric DHlde under static high pressure condltion9
haa b8en studied ualng diamond anvil cells and 9pectr99copic
mettioda. Pressurized samplas warmed rapidly to room temperature
underqo facile disptaportlonation to form N:5, N:O], N23k and
NO*NO j. Nltrlc oxide maintained at S0 I( 1s observed to raact at :.3.
2.5 GPa to form, dominantly, N,, 9. and NO*?40;. The colflplex —
chemistry of nitric axlde 19 bist dxplained in taima >E two
compecinq primary reaction mechanisms Lnvolving Khe direct Earmatlon
IYf N, and f32, and dlsproportiunatlon to form N.O and NO*NfY~. TII a
dlsp~rportionatiun reaction, which 1s favorad finder higher” tempera-
tura condit;rins, releases two-thlrcl!a of th~ total 9nergy ~ontent,
and Lz belleved to be important in the early :hemlstry accompanying
shock-inltlatlnn of lltric Qnide. Laboratory scnle detanatlon
stuclleq, whtr~ tho gaseous products are analyzed spectroscopically,
show evi~enc9 far, damlnantly, disproportionatlon and a Small ~mount
OC !4,/0, production. This study points to the lmportanca If
condinaiid phas~ .~oncertecl r~actlona au well as ions and i~nl:
reaction mechanisms in the shos% lnltiated riatonacion o!Z HE’9.

INTRODUCTION

The macroscopic prnpertle~ of a
large variety Iof high mxploaivmn have
neen studl~d sxtmns~vely in the pant.
However, it 1s still not poasihle to
describe and verify the mlcrosc!oplc
phenomena leadlnq ko qhock-initiated
detonation, Shock propagation :n
cond@nsed-pha9e m,aterl.ltl i:i .aYpavt9,1 +.I
lnducn thm trangfgr and locnlita~lon ~E
enerqy leading to chemical tr,lnsEorma-
tlons on an eRtremely shnrt time IJrale.
Our lntant in thin work 1~ to dlarify
thoea early thomlcal trmnsfnrmatlonu
that are important in the mnerqy releaeu
nccornpanylnq nhnck-lnl~ltltmri (Ieh.>natlon
of nitric oxlfle. [n larqe mmmsllra, the
prnblmm Of dmvnloplnq a nlcroncnpit
Ilnderqtnndlnq Of nh,)ck-lnltl~tod Il~tI),Im-
Rlon rm3ult9 Crom th- IllCEII:Illty in
Ilatmctlnq transient .shmmlu,ll lnter-
m~dlntam wlthln the :~ho~~k [rent. Whllo
thera has been l?nnqidprnhlg qft,)rt ,IIM!
muccoms in dovml )nlnll tlhl.J-rf37;nlv@~l
optical probes ,)! (:hemlctsl qpanlas
behind nhock I!rnnts [1-41, !llmNn mmthn,ls
havn not yet I)n@n nuI:I:mm~Cully .Ippilmi

to real 9xplo9iv~9. The oxperim~nt.11
dlftieultiee are compounded by ttl,3
absence of lnfnrmatlmn on “#h.lt lnt.or-
madiatos are likely to be imp.)r~,ln? 1:11
the paucity OE Iatm on the Imh.lvl]r J:
:Iuch translent9 under mxtr9me pr.~:ls,lrl?
and ?.nmporature. We r9port hero It.IP’Q
high pressure studies whit-h pr.)vi In
,Ilrect lnsi]ht into th~ marly :!IvrIl:IL
tran3formatlan9 ,tssoc~llted with

~et~natlon c)C nltrlc IJgkie.



8stabllshad ●t Los Alamo, National
Laboratory. Our part in this program
has boon to provide a data baso to guide
theory, planninq, and interpretation of
tima-resolvsd apoctroscopic studiaa of
shock-lnitiatmd detonation of NO by
maans of static hlqh pressura studies af
tho Variou8 0Kidm9 OC nitragen. Tha
fOCU8 Of this :aport 1s th9 chomlstry of
NO and. ltn raactlon products under high
pressuro condltiona.

Praviou# 8tudiea [61 on qas-ph~aa
nltrlc ouid, havo shewn evldanca for
slow dlsproportionation, which la third
ordar in [NO1. Other Inva9tigatora
[7,81 havo also notod probioms in
obtaining thermodynamic Information on
pur~ NO ●t high pr~ssura. We will show
that NO underqomo facile and complox
pressure-induced ch9mistry at low
temperature. Tho disproportionation of
nitric oxido at 176 K and 1.5 GPa to
form N20, Nzok, and N 01 has already
boon repo~ted [91. Tk@ unusual b~havior
of puro N~Oh at .l@vated pressu’”’s,
including formation of NO+NO;, has also
bean roport9d [101. This autolonization
of N O has bemn implicated [11] in the~.
solu lon chsmlstry o? N.Ok and obsarved
for the nltrita isomar [n low tempara-
tura N,04 Cilmm as well [12,131. In
this wdrk, we report new observations of
prasaura-induced chamiatry af NO to form
N , II , and No*NO; at 86, K as WO1l as
lgm’it~flcatlon of the products r~sultlnq
fram laboratory scale samplen of solid
NO shocked at 15 K.

EXPERIMENTAL

Am High Prossura Spectroscopic
Stud~os: q9rrlll -Bfissutt lamon d-anvil
~ith mlther hard~ned borylllum or
berylllum-coppar backlnqs and type [Ia
.Ilamonda worg loaded with the lndlum-dam
tmchnlque previously rlescrlb-d [91. Two
dlffcrent types of exp~rim~nts have been
performad. First, hlqh-purity nlcric
oxide was condensed into the diamond-
anvil CO1lS at lls K (which la within
tha llquld range .>f N,O,) preseurlzmd to
Corm a claar solid, aiid”then warmed to
room tamparatura at high pros$’urn. The
co’itentm of the cells worm than lnter-
ro~ated using vibrational (CR and Ramanl
anti UV-vlsibla absorption sllectros-
c13pia9. [n the second type nf 9xperl-
ment, tha NO was loaded into a cell
mounted to the cold C(nqnr ‘Jf .tn Air
Products DlspleK cryostat mqulpporl with
!- tailpleca that mllowad sccams to
adjuat pr-snure. This pmrmitted tha
maaauramant of thg prmmsur~ ~!ependmncn
of thm Raman Ceaturna at qa K.

uaa of a back-scattering technlqua. The
resolution was 3 cm-’ and, typically~
ten or mora 9pactra Ware signal-averaqed
using a Nicol&t ll13aE Raman data Systam.
sp@ctra-Physics Model 171 Ar” and Kr-
lon las~rs were employ@d with lncidsrt
powor of 30 mW or 1.ss at the sample.
Infrared spectra were obtained with a
Nicolet 70S0-9erie9 Fourier-tran9Carm
apactromotmr using a llquid nitrmqen
cooled mmrcury-cadmium-tmllur 11. detec-
tor. Typically, 9aafl ~cans with a
2 cm-’ re901utlon wore 91gnal averaqed.
Ab80rpt10n of the diamonds obscured the
IR 9pectra over zhe approximate ranyes
1300-1350 and 190~-25f10 cm-;. ‘ilslble
absorption spectra were obtained with a
Parkln Elmer 330 spoctromcter aq’~ippod
with a beam condmnaar and the ~odel 26d0
data rotation. Pres9ura9 w~re measured
by the ruby fluorescanca method, sssum-
lnq the R, llna shift to be 4.13.?2
GPa/cm-l .“ Tha known temporst,lra SIIICC
af ths R, ruby Cluorascance “w.ls u9Sd ta
carract the RI line shift ~or the !>h
temperature studies.

B. Laboratory Scale Studies af
Shocked No : T ha experiments were
carried out in an evacuable Eiting
chamber sontalnlnq a ie?on~tinl ,ievl:e
moutlted behind a thin foil. S91 id N.3
was deposited from a stream )E J~senus
NO directed to the surface >E ‘.)l* f>il,
which was maintalnarl at 15 K by’ 1 Air
Products D19plex crynstat. T!Ie i,?to-
natlnq device consists ~E In electri-
cally erlsrglzsd device that pr>pe!:; I
1.3 mm diameter X #.IIE mm ~>nq :’tLlrIIiar
Pieca of pla9tic throuqh 1 ruby i>ilrrel
at a valoclty OE 9avaral km/+ (1
slapper) ~ which impacts at a < :11 p-lI+t
,YE pantaarlthratol tntranitr.lto ‘?ETV)
that 1s glusd tp the af.d of kh? r’l!l/
barrel {?iq. 1). TWO i~nt~pl: -).li),;i-
tions of IJO were used t~ i!a-,11 ;?inlli:]h
d: oriqinatinq Ernm NO fr~m Ol-I:I:r ‘ .1.*
PETN boo9tnr ar lnarlvorter,t llr :’1<1.
The entire aasembly was housed lH I !~ril
jar conn*Gterl to two liqui,i ni’. r ,lI~Fl
traps in sQrim9 ta captur~ th~: I!xpI+.’.1l
products, the first an empty : )mm,)n
stainl*99 mteel U-trap, and F.!l,q ;t~ .~rlrl
packed with actlvatnrl 5X mol?I:’11 ~r
~leva. The products N,9, NO., v I ,
N II , CO, (from PETN) ,“.anrl unro~,’~~1 VO

i’a a CourIa in the first trap lII! lr~
determined by ~a9-ph,~se In .lp,~,.’r I~Ih I* I-
metry. The N , and CO (from PEP*II 11.I
found in tht hecond :rap ,sn,l ~,11 i II I I !)y
mass spcictromutry.

RI?SULT!3

‘“--w‘rag’’umstud’:’!:‘::’:,r,,ra9uE.1 n ta -from s~rn.l ~1
oxide at hlqh presuurn in ,Il,lm,ln.1 lfl,/1I



SLAPPER AND BOOSTER DETAIL

PETN
PELLET

SLAPPER \ /

Al FOIL
,STEEL PLATE TOP

\ ‘\ ,/

::;F’:R

ABSORBER

SUPPORT RING SLAPPE~
BACKING PLATE

Fig. 1 - Dlaqram of slapper and booster used in PETN-drlvan NO rea:tl~n.

calls which wore warm9d to room tampura-
tur~ have boon dascrlb9d ●lsawhera [!)!
and will bo summarized h~rm. lJpon
warmlnq, the sample remalno clear and
colorless until ~. 17~ K where the
reaction beqlns. The Jample first turns
deep r~d, then black, and finally
becomes transparent, oxhlbltlnq mith~r a
straw-yellow CrmcturerJ 9ollrl or I mix-d
!atraw- yellow or bllJe solid.

Datal19rJ [R, Raman awl Uv-vlslble
spectroscope studios ~E the cell :on-
tents have revealerJ tha presencm of
varylnq amountm of WZ3* V,Cll,~ FJ,O
molaculsr specias as weil’”as th~ ions
NO’, MO: and NO;, ‘rho above speeles
show cohplex equlllbris as .I funct!on of
pre9sure and tempermturm. At lP>W prms-
sura in ths fluld ph.lne (~. l.q ,;Pa)
~nly W31nCULar :+puGi*!I ,~re observgd
while tho ions are mnre pr~vmlmnt St
hlqher presautes in tho qnlld phasa.
Both molecular ml lnnlc spaclan srm
present in the .~rlqinal SO1lCJ samplms
up~n warmlnq to room tomp*raturmm It is
~tr~esed that no N: or 0, nrJuld b,
nbaarved in mny of the mAmples whlell had
been allowed to rmact by warmlnq to room
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phonon region changed and the internal
modee for NO disappeared. We did
observe very weak features indicating
the presence of 9everal particular
species. They include NO+NO; by lflB.6
cm-l (interionic), 722.7 cm‘1 (Jk, NOj
bend), 1363.7 em-’ (u,, syrnme~ric NO-
stretch) , and 2246.7’cm-1 (NO dstret h) ,
02 by the 1565.9 and 1572.9 cm-l
doublet, NZ bV the ?339.3 cm-l V-N
stretch, N20U by the 922.9 cm-l (U
9sissor) and 286.7, 308.4 cm-l do~bl~t
(“J, N-N stretch) , and N20 by 599.1 cm
(v. bend). The features at 2035.7 and
2236.9 sin-l could be due to an as yet
unknown complex of the NO+ ion and the
band at 1644.9 cm-l could be the as, ci-
ated -N02 symmetric stretch for SUC! a
specle9. The band at 5f3g cm-l rsmains
unexplained . The preseure increased
dramatically for this sample from 2.3 to
4.1 ZPa after thi9 transformation occur-
red and the intensity of the ?4, and 02
peaks indicate that a substant~al amount
of these species had formed. It should
be nated that this is the first lndica-
tian of either C)2 or Y. in the NO reac-
tion praducts for any &e!l that ‘we
observed that had been loaded by the
previous technique, which always
involved a fairly rapid warmlncj to room
temperature befor.s ●ny analysis took
place.

Followlng this transformation, the
optical quality of the call did not
change noticeably as viewed through a
mlsrascope, althouqh the cell contents
had become pale yellow with lnereasinq
pre99urts. Not until the cell had been
-armed to 21?17K and tile pressure reloas-
e.d to under fi.5 ;Pa did a noticeable
transformation occur. 4 ~tear to pale
yellow solution finally resulted which,
when cooled to 1!30 K producad the spac-
trum In Fiq. 3. Very prominent features
are now evident for N20 , V:3, N:, and
o,./ w~th no evidence E,>r any remaining
unreaict9rl nitric ~xide. Also present in
this spectrum are Eoatures due to NO;,
No: , and NO+, although they .lre much
we”aker than before.

c. Laboratory Sc[.le Studies of
shocked NOI lnltlally,~g~qht
that a slapper alone would detonate
solid NO and several attempts were made
to achieve this. However, lqqg than ~g
decompo~ltion OC the deposited NO (~.
100 mq) , was ob!served, and indeed, under
the same conditions the slappmr could
not evmn detonate a 6 mq oellet IOE PETN.
With the pellet of PI?TN qluud directly
to tne slapper, hnwever, the PETN did
detonat(~ and the sol id NO (Iopositad nn
the oppositr ~lde I>E the foil that
covert?d the PETN ,docomposed lntn .1
variety of product~. Flvq experiments

have been done in this configuration.
Molecular nitrogen is the only expected
detonation product common t~ both PETN
and solid NO. However, both the small
amount of YZ that results Ersm the PE?N

fz1.q4 mmol) a9 well as the fact that
.5N0 was used to label the nitroqen

source, allowed unambiguous determina-
tion of the nitrogen yield from the
nitric sxlda.

The products collected tram t!ie
PETtJ-drivnn nitric oxide reaction were
N O, v, , N02, N293 , v,9U and unreacted
Vd. Presumably sny 5;, which i3 Earme?
due to the NO decomposlti,an, woIJl:i
subsequently react ‘with NO in the qas
phase to Eorm Additional NO.. %’Js,
~xyqen maY- or may not have Earned
originally fr~m the shock-inr!uce4
reaction. In addition, the vari>ls
gas-phase equilibria !tlVOl”J!~3 ‘J3, , 3S

well as Its substantial lass by
reactivity with CO, metal surEaces,
G-ring9, etc., complicate the
determination of the NC)2 in the original
products. The product yields measured
Erom five separate experiments are
presented ~n Table t. In all cases a
substantial portion (29-530I >E the
nltrlc oxide reacted and, of that
amount, most e!lded up as N, 3, “with a
9maller amount ending up a9 YT+NO1 . Tklls
N: result was corrected for the w, pr]-
rluced by PETY, which was determln>d by
means of Isotonically labeled ?10.

All the experlment9 in Table 1 I?u-
nept Experiment 3 were d~ne with the
bell jar evacuated. Experiment 3 “was
done with 1 torr >E He in the ‘i~~mber to
prevent reshock >f the produ:ts I+. ?fiI;
wall. Reshock may have ;ausad E’111~rJ-
duct NJO and NO, t,) Eur:her r,?:::,
thereby producihq N,. The .Irn,~IIn? I!. ‘J,
produced WAS lndeerl-the lmaLl,?:~t )! I;!
the experiments, suqqestlnq t!-~t ;],I,: ~f
the N, observed in the other ?xper lTIe:If.j
was pioduced by reshock at the .w,ILIs )f
the apparat!l~.

1315C’IS!511N

[]rior to t)llr work on the ,:hemi,~rry
,~f nitric ]xlde under :;tatl.: hi.]h pr,~:;-
~’~re conditions, it waq IIIIJp+vk.?,l ‘.:11!:
shock-lnitiateti Ietonatlnn YE N .) ~ll”T-
cqeds through a ~lnqle chemlc,~l “RI) ~ “ ! III
to produce N, and o,, We hnvo ;’IId..,,)11
the other hahd, thaf the ranrtl,lll .!IIII-
‘stry under both suatlc hiqh prl!:::;.lr,~
and shock conditlmnn in much more - )In -
plnx lnvolvinq, mosr lik91y, nevmrl!
Iistlnct mechanlsme and chemical ln!,.r-
medlate9. The static high presn,lr,~
:~kudles demonstrate that nitric )xi IIS
ioRcks rapidly under ovnn mo,la,;t ;,II. ; .
~ur~ arl~l cemperaturm cnnrlitinnn I J
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TABLE 1
Products tram Solid NO shocked with 6 mq of ?ETN

I Sxporiment Number
1 2 3 4 % 5

MO gaa uaed,a mmol 3.4 4.6 6.3 la.~ 11.?

NO accountWl fcr,
b

mmo 1 3.3 3.4 4.2 7.5 B.q

NO unreacte~fi mmcl (t) 2.3 (70) 1.6 (47) 3.0 (71) 4.9 (64) 4.4 (57)

N23 found, mmoi -\ a.33 3.43 0.37 0.50 1.17

Eaund, mmol
c

‘2
eJ.L3 a.03 fl.23 fi.23

.,.- NO ●scapea while Eorminq the solid.

b
Assuming tha overall reaction 9toichiometries,

3 NO ----> NZ9 + N07 (i)
4 NO ----> N2 + 2 N% (ii)

to account for the N20 and N: observed.
ignored.

The 9mall amount 2E NO t

CN2 not measured and not accounted Ear in collected material.

produce a multltude af molecular and
lonlc 9pecies. The fact that th~s
pressure-induced chem19try ia quite
facile and releasas eiiqnificant amounts
of ●nerqy strongly suqgeats that similar
reactions dominate the chemlatry of
9hock-inltlated detonation of nitric
oitlde.

The chemistry OE 9amples wsrned
rapidly to room temperature =an be
axplalned to ariae from three possible
dlsproporcionation reactions

2

3

3’

White

N:O.) —) N,O + N20,
.

(1).

N.02) —~ 2N:0 + ?4,34 (?)

N ,02) m> ~N ,3 + NO*NO; (3). .

the low-temperature high-pressure
NO samples aa weli a9 the PZTN ~riven NO
deeompoaition show evidence fOr yet
another reaction pathway,

NO —> N2~9
2: (4):

The presence of N O , in th~ reaction
product9 could arls@ from lta direct
productlnn via equation (1) or f!rom
reaction of N20b with excess No. Equa-
Elons (2) and (3) differ only in that
(2) lnvolveo a mplecular reaction
mechanism while (3) involves the direct
production of ionic spaclae. The long

NO + and NOj could result fr~m E?elr
direct production via ●quatlan (3) or
through the autolonlzation >f 51,3ti at
high preasuree. We have prevloilsly
shown [19] that malacular Y.3,- Ioes
autoloniza bt elevated pressures.
However, on the basis of the ,ublqul~~us
pre9ence of lon9 in all ~f ths .llmp~+:i
reacted under hlqh static pr9ssur9s in.i
the abaervation of deep red :.nl>r
(indlcatlve or ?40’ in N.o.) 12 ?5.?
lnlcial reaction, we pr@96ntl/ f]v>r E!le
lnnic mechan19m (eq. 3).

The studies of pressure-in ll:,~d
chemi9try under low temperature :>ndi-
tion9 further complicated the ,;it!]aci,)n.
Whereaa N or3, could nev9r :je le’.+,:t.~.l
Eqr aampl~s warrhed rapidly to r].]m ‘.+.l-
peratura, the l~w temperature reae~i.n
producas slqnificant and equal ~mnlJnf:.i
af N: and 02. Despite the rathqr waqk
relative inteneltlss of the g, ~n.i N
featurea in the Raman spectra” fFl~%. ?
and 3) theeo epeciesi are in 91 jnltii:IIIr.

concentration as their Raman :r.~;; ;@T-
tlona are known to be subatantl l!;’{ 1,~113
than that OC the othar gpecles I]r,p:i!llt.
While lt haa not been poszilble t.; :lln-

tlfy the amountg of N2 and O* pr~l,l.hl~n
relatlve to the production of 11 ;i]r J!]]r-
tlonatinn products (dominantl/ v~’v!,i
It la ?lear that N2 And 02 sr- pr.l!l:,pi
in nearly equal concentratll>n~. :“1,1
PETN-driven NO decompoeitan ,J,!Ij.*;?. :!I,It.



the predominant raactlon of shocked NO
is (3) with reaction (4) presmnt ma a
minor path”vay. This is cart~inly con-
9iatent with thm rasults of static hlqh-
prasauro maaaucements upon rapid
warminq. The impli~atlon of the low-
temparature hlqh-pce9aure work (i.e.,
the lmportanca of reaction (4)) !9 not
yet CoMplot@lY cl~ar, but the
PETN-driven NO reaction does show
●vldance for reaction (4) as well.

The overall reactions depictad above

do not necessarily represent the prlfnary
reaction~, and one could lmaglne many
different posslbla scheme.e. Qne po9ai-
blllty, which we believe :an be elimi-
nated, 1s that the primary reactian
involves direct productl~n of V: and Q:.
The ubiquitous Cormatlon of dispropor-
tionation products (W20F Y2Q., VO”NO~)
would then result from subseq~ent
reactlona of Nz , 02 and exces9 NO. The
formation of V20k and ?40-NOI i9 easily
e~plalned to ari9a from

(5)

However, the formation of V20 is mOCY

diftIeult to explaln. Whlla gas phase
radical reactions ars known ta result Ln
the formaE19n of Nzf), these are unlikely
to occur under law-temperature hlgh-
jenslty conditions. In addition, sever-
al observations mltiqata agalns~ this
91ng19 primary raaction mechanisa.
First, tha naarly aqual concentration of
Nz and O in the law tamparaturs experi-
ment 1s difficult to rationalize bacause
tha facile reaction af f). and excess
!4,5. would be expected t; deplata tha 1):
c6n6entratlon to a much 3r9atar extant
than that al? N,. Furthermore, no N: jr
7, ;oul,j be de~ected in the 9ampls9
wdrmed to room tamperatur9; it 13
9xtremely unlikely that all af the N.
could ba convertad ta N:O undar theg;
mode9t hlqh Ienslty :ondltlons.
Finally, the observation that khe
thermodynamically mor~ ~t.able prodlletg,
N1/fY , dre farmed under low tsmparatura

/cond tions and not formed under hlql?er
temperature con~ion~ i9 counter-
lntuitlve. If a 9ing19 primary raaction
EO produce V. and O; lg operative, ~na
should certa~nly obsarva these spacles
in cells which were ,allowed to warm to
room temperature.

At prasent, khe raslllts presanted
hure sre be9t explslnad in tarms .YC two,

and possibly mora, primary reaction
mechanisms. In effect, me machanisrn
leads to tha production of N. acd 02
while tha athar proceeds to Form the
di9prsportionation praducts.

+ f).
N)02 —

rInter- A ‘: -

> mediata] >2?l,a + W-NO;
(6)

Tha branchlnq betwean these two Primary
reactions 15 then qu~ka sansltlve to
temperature and pressura. It is po89i-
bla, far exampla, that tha relative
rates or the9e tw~ global reactions
diverqe 91qnlficantly ●s temperature is
changed with disproportional ion prncead-
lng more rapidly at elevated tempera-

tura9. AddiCiOndl wor~ i9 rieaded to

Eully lJndarstand the camplex rgastio’.
chami9try of nitric axide undar hl~h
dansitf condition, and work is underway
to follaw tha staci: hlqh prasrn~rs
ch9mi9zry by careful cantral ef both
temperature and pressure.

Impllcatlon Reqardin
Inlt~ated Detonation 9E *&xlde:
lfi i le a detailed chemical mac~is
not yet available Ear the press,Jre-
Lnduced chemistry OE nitri: 3Ki~e,
3everal conclu910n9 can, nonetheless, 52
inferred. Flr9t, zondensad phase
concarte,d reacti~n9 appear :2 .?>mina:e
tha chcmlatry of nltrlc oxide ,Jndar
stat~c and dynamic high density
condltionsi. By analoqy, yas ph.lse
radical type mechanisms known from
studies of 3a9eou9 NO at I>-w ~?n;l:”{ IL’=
not important in the early :hemi ;tr’y SE
shock initiation of nlcria oxije,
Second, tha present results .~tr]n;!y
.%lJg3@9C khat Hisprapertionati )~ :> F !rm
V:3 ~nd Y9”VQ~ daminates t?.? v~r::

.:hemlacry lJndar shock :ondizi>n.;. 7’::;
rea:tlon would account far z ‘I 1: 7S:,.
t~tal *nthalpy canten: ?E ni:r~ : Ixi !.!
and the a::~mpanylncj enarqy r,~!..? ~~~
.:ou15, in turn, drive subsequent
rqactlong to form Nz ~nd 9,. ?in~i~;’,
tha ubiqult~us presence ~E””l>-i:; ~IJ~h I;
NO’ and NO; at hlqh densities paint; ‘:3
the lmportanca of ions and ionl: r+l:-
tion mechanisms in shock-lni~i~coj
~etonatlon. The thermodynarni: lri~!:ll
fores far the formation ~E 1 >n:; ~: tilh
dansity presumably derives Er.om b.i-
9trong lntar-ionic Intsra.:t! >n; in I -’:+
attandant v~lilme reduction r,?: ]’.: ;I~ ‘. J
m91eclJlar speclas.
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